ABSTRACT Background: The extent to which welfare states may influence health outcomes has not been explored. It was hypothesised that policies which target the poor are associated with greater income inequality in oral health quality of life than those that provide earnings-related benefits to all citizens. Methods: Data were from nationally representative surveys in the UK (n = 4064), Finland (n = 5078),
The welfare state has long held interest to social scientists for its effect on poverty. 1 2 Recently it has gained epidemiological attention for its association with population health. [3] [4] [5] [6] [7] To understand the public health consequences of the welfare state, Lundberg 8 recommends comparing the coverage and generosity of specific programmes across welfare states. In the earliest typology to classify welfare states, Esping-Andersen 9 proposed ''three worlds of welfare capitalism'' represented by the UK, Germany and Sweden as prototypic ideals. Despite acclaim for its seminal contribution, critics contested this typology on analytic 10 or theoretical grounds, 3 11-13 arguing, for example, that Australia was misclassified as a Liberal welfare state. 14 In the debate that ensued, 11 alternative typologies emerged (for reviews see Arts and Gelissen 15 and Bambra 16 ). Korpi and Palme 17 addressed these critiques, defining welfare states according to the capacity of their social insurance programmes to alleviate income inequality and poverty-objectives that lie at the heart of the welfare state. They selected two programmes responsive to the certainty of ageing (old age pensions) and the risk of illness (sickness cash benefits), which provided protection from risk to all citizens irrespective of socioeconomic position. Korpi and Palme 17 classified the programmes on the bases for eligibility for benefits (coverage) and the principle for setting benefit levels (generosity). This classification answered two questions: (i) are benefits targeted to low-income groups or are they universal? (ii) Are benefits offered at a flat rate equally to all citizens or are they earnings related?
Their classification yielded five welfare states into which they fitted 18 Organization for Economic Co-operation and Development (OECD) countries ( fig. 1 ). Using published data they evaluated the impact of these programmes on income inequality and poverty. Findings challenged the widely held assumption that inequality and poverty are alleviated with policies that target the poor and offer all citizens the same level of benefits. Korpi and Palme 17 concluded, ''The more we target benefits at the poor only and the more concerned we are with creating equality via equal public transfers to all, the less likely we are to reduce poverty and inequality.'' (p 681).
Just as low income is associated with greater disease prevalence, so socioeconomic inequality in oral health quality of life across the life course [18] [19] [20] [21] is not explained by risk behaviour. 22 Hence the primary objective of this study was to determine whether the magnitude of income inequalities in oral health varied among different welfare states. A secondary objective was to investigate whether any differences were in accordance with this typology. We hypothesised that income inequalities in oral health quality of life would be greatest in Australia where policies target the poor rather than all citizens. Furthermore we hypothesised that income inequalities would be least pronounced in Germany where benefits are offered to all citizens at levels commensurate with earnings.
Security and Targeted welfare states respectively. We used cross-sectional survey data for representative samples of adults in these countries independently surveyed over a five year period in the UK (Adult Dental Health Survey, 1998), Finland (Health 2000 Health Examination Survey, 2000), Germany (2001) and Australia (National Dental Telephone Interview Survey, 2002). Sampling and data collection are described in detail elsewhere. [23] [24] [25] [26] In brief, sampling followed a multistage stratified random design, where households were sampled at random from within primary sampling units and one occupant was sampled at random to participate in the survey. In the UK, enhanced samples of residents were drawn in Scotland, Wales and Northern Ireland to allow comparison between England and the other three home countries.
Data collection
Face-to-face interviews were conducted in Germany and the UK. Finnish subjects completed an interview and a selfadministered questionnaire and Australians completed a telephone interview and a self-administered questionnaire. All surveys included the Oral Health Impact Profile (OHIP-14) questionnaire. 27 28 OHIP is the most extensively studied measure of oral health quality of life adapted for oral health 29 from the WHO International Classification of Impairments, Disabilities and Handicaps. 30 The questionnaire has been validated empirically 28 31 and translated into over 20 languages. OHIP items evaluate the adverse consequences of oral diseases and conditions on well-being. Responses are made on an ordinal scale coded 0 = never, 1 = hardly ever, 2 = occasionally, 3 = fairly often, 4 = very often. The English language short-form OHIP-14 was administered in the UK and Australia, 28 Finns completed a Finnish translation of this questionnaire and Germans completed the German language 49-item OHIP (OHIP-G). 32 OHIP-G contains the OHIP-14 subset of items and analysis was limited to this subset. In the UK and Australia subjects were asked how often they had the impact in the past year. In Germany and Finland the reference interval was the past month. Participation was in 60.0% in Germany (N = 2026), 74.6% in Finland (N = 5987), 74.0% in the UK (N = 6764). The questionnaire mailed to Australians yielded a response rate of 65.5% (N = 3131).
Dependent variable
The OHIP-14 severity score was the sum of ordinal responses across 14 items yielding a potential range from 0 to 56. Higher scores denote greater adverse impact of oral conditions on wellbeing, that is worse oral health quality of life. Subjects missing more than two OHIP-14 values were eliminated from analysis. Otherwise the mean item score was imputed for missing values. The proportion of subjects with complete OHIP-14 data was 96.8%, 87.1%, 99.8% and 94.5% in Germany, Finland, UK and Australia, respectively, and missing values were imputed for 0.1%, 4.3%, 0.0% and 1.8% of subjects in these countries respectively.
Exposure of interest
Household income was the exposure of interest. In Germany, total net income after deductions was self-reported from nine categories that ranged from ,1000 to 8000+ German Marks. Total gross monthly income in Finland was obtained from tax authorities and ranged from zero to over 2 million Finnish Marks. In the UK, household income before deductions was derived from self-reported response to several questions. Values ranged from zero to 5288 summarising income from all sources. Australians self-reported total annual household income from nine categories ranging from ,$A12,000 to $A80,000+. Income data were missing for 13.6% of subjects in Germany, 11.6% in the UK, 5.3% in Germany, and in Finland there was no missing income data. We computed quartiles of household income to : has a means-tested scheme of flat-rate benefits financed through taxation of the economically active. Benefits are minimal and coverage limited to low income earners. Australia was the only country that fitted this typology. Basic Security welfare state: Benefits are modest but coverage is universal. Like the Targeted state, depends on middle and high income earners seeking supplementary insurance through private providers. Countries were the UK, Canada, Denmark, Netherlands, Ireland, New Zealand, Switzerland and the United States. Corporatist welfare state: Eligibility for benefits is based on compulsory membership in specified occupational categories and benefits are earnings-related (as opposed to flat-rate). This produces a much bigger budget allowing substantially greater expenditure on benefits than do the Targeted or Basic Security regimes. The more generous provision upholds the accustomed higher standards of living of middle income earners, acting as disincentive to seek private insurance arrangements. Countries were Germany, Austria, Belgium, France, Italy and Japan. Encompassing welfare state: Earningsrelated benefits for all citizens that tend to be generous. This suppresses demand for private insurance from the middle and high income earning segments of the population. Countries were Finland, Norway and Sweden. Voluntary State Subsidised welfare state: No country was fitted.
enable cross-national comparison on a relative scale. This distribution-based measure of income was adopted so that gradients would reflect the direction and magnitude of difference in OHIP-14 scores associated with people's relative socioeconomic position within their country.
Covariates
Sex and age in years were selected as covariates based on prior evidence of association of these factors with oral conditions including OHIP scores.
Data analysis
To maximise cross-national comparability, analysis was restricted to dentate subjects aged 30 years or older. Initial analyses assessed the crude associations of household income, sex and age group with OHIP-14 severity scores separately for each country. Data were analysed in STATA 10.1 using survey estimation commands to adjust for the complex survey designs. 33 For each country, survey estimation commands were used to create linear regression models that estimated the slope of the gradient between four quartiles of income and OHIP-14 severity scores. Because of heteroscedasticity in the regression model, we generated bootstrap estimates of standard errors for the parameters in the model using the normal (t test) method with 1000 bootstrap samples for each country. Although under central limits theorem large samples such as these are robust to violations of assumptions, 34 35 other health quality-of-life research has advocated bootstrapping where ordinal scales induce heteroscedasticity. 36 Parameter estimates for income gradients in OHIP-14 severity scores were contrasted across countries using Wald x 2 tests and we specified a critical p value of 0.008, equivalent to a Bonferroni correction of p,0.05 for the six pair-wise tests.
In linear regression ordinal income quartiles were modelled as a grouped linear variable to test for trend, with adjustment for covariates. Results are interpreted as the average change in OHIP-14 severity score for every one quartile increase in household income. We tested the global null hypothesis that the magnitude of income inequalities in OHIP-14 scores did not differ between countries. Where cross-national differences were found we performed post hoc contrasts to identify where differences were found using the CATMOD procedure in SAS Version 10.0 for adjacent-categories logit models. 37 
Ethical approval
Ethical approval in the UK was obtained from the relevant multicentre and local National Health Service (NHS) research ethics committees and for each of the other surveys was obtained from the appropriate institutional review boards in each country.
RESULTS
The final sample comprised 1454 subjects in Germany, 5078 in Finland, 4064 in the UK and 2292 in Australia (table 1) .
In unadjusted analysis, mean (95% CI) OHIP-14 severity scores (table 2) were lowest in Finland on average (3.5, 3.3 to 3.7), followed by Germany (4.5, 3.7 to 5.3) and the UK (4.9, 4.7 to 5.1) and were highest in Australia (7.0, 6.6 to 7.5).
The OHIP-14 severity score is calculated as the sum of ordinal responses (coded 0-4) across the 14 OHIP-14 items. Higher scores denote greater adverse impact of oral conditions on wellbeing, ie, worse oral health quality of life.
Bivariate association of income and OHIP-14 score in each country
Significant unadjusted income gradients in OHIP-14 severity scores were found in each country except Germany. Despite having the lowest absolute severity scores, Finland had the largest relative inequalities in OHIP-14 severity scores with a twofold difference on average between low and high household income quartiles.
Construction of separate linear regression models for each country revealed that significant effects of household income on OHIP-14 severity scores persisted after adjustment for sex and age in Finland, the UK and Australia. Two points warrant attention in the covariate adjusted association of income gradients in oral health quality of life. The first is that in Australia, for example, the OHIP severity score reduced by 1.7 with each increasing quartile of household income. Graphically (fig 2) this shows as a steep gradient such that adults in the lowest income quartile have substantially worse OHIP-14 severity scores than the other three countries. The second point is that among adults in the highest income quartile Germans had elevated OHIP-14 scores relative to the other countries.
The SAS CATMOD procedure, which compared all four countries in one analysis, showed an overall significant difference in the b coefficients representing the income gradient in OHIP-14 severity scores between the four countries (p = 0.0001, Wald x 2 ) after adjustment for covariates (results not tabulated). Post hoc comparisons (table 3) indicated that the magnitude of income inequalities in OHIP-14 severity scores was significantly greater in all countries than in Germany and significantly higher in Australia than in Germany, Finland and the UK
DISCUSSION

Statement of principal findings
Significant variation in the magnitude of income inequalities in oral health quality of life was found under different welfare state regimes. These differences were in accordance with the Korpi and Palme typology. Where coverage of programmes was universal and earnings related, as in Germany, income inequalities in outcomes were absent. Here the poorest quartile was relatively better off than their Australian counterparts while the wealthiest quartile fared comparatively worse than those in Australia, Finland and the UK. Consistent with the typology, where coverage was a minimal flat-rate, as in Australia, income inequalities were greatest. It is possible that coverage and generosity of social programmes are important to public health because they underlie policy decisions that redistribute resources, and hence risk, through taxes, transfers and spending.
Income gradients that were statistically significant were also substantive: for example, in Australia, the reduction of 1.7 units of the OHIP-14 score for each increase in income quartile was equivalent to a difference in OHIP score of 7.0 units between the lowest and the highest quartiles. By way of comparison, a clinical study of general dental treatment among older dental patients in Australia documented a reduction of 6.2 units of the OHIP score 6 months after completion of treatment. 38 In a similar study of Canadians, there was a 4.3 unit reduction in OHIP-14 scores after treatment, and the authors concluded that the minimal important difference for the OHIP-14 was of 5-scale points. 39 Other observational studies have reported higher OHIP scores among people with relatively greater levels of dental morbidity (eg tooth loss, dental decay and periodontal disease) and among groups with limited access to dental care. 40 Numerous population studies have found the OHIP to have
Research report good reliability and validity as a measure of adverse functional and psychosocial impacts arising from oral disorders. 41 Strengths and weaknesses of the study Our findings supported the study hypotheses and are noteworthy for four reasons. First, despite recognition that healthcare has little impact on social gradient in health, 42 few studies have investigated macrolevel determinants upstream from health care. Second, to our knowledge this is the only study to explicitly apply the Korpi and Palme typology 17 to public health outcomes. Third, our empirical findings are based on nationally representative data using the same outcome measure in each country. Finally, this study sheds light on possible ways that social inequalities in health are produced and how they might be managed. Although our findings are limited to oral health quality of life, there is no reason to believe that they are not widely generalisable to other health outcomes.
Our decision not to adjust for smoking, tooth loss and denture wearing status was intentional. Since these are intermediate on the causal pathway between income and oral health quality of life, their statistical adjustment can result in bias. 43 Since different reference periods were used in answering the OHIP-14 questionnaire, estimates may under-enumerate severity scores in Germany and Finland. Certainly there was a trend to lower estimates with a shorter reference period. Consequently we compared relative differences between income categories, paying less heed to absolute differences. This was a conservative approach, since previous testing of differing reference intervals on OHIP scores failed to find a significant effect. 44 In principle, it would be informative to use clinical measures themselves as additional outcome measures to address our study aims. However, oral health surveys notoriously vary in the methods of measuring clinical parameters. For example, in the datasets used here, there was inconsistency among countries in recording even basic measures such as tooth loss. This highlights one benefit of including a standardised and validated subjectreported measure, such as the OHIP, in such surveys. Finally we focused only on income differences, choosing not to examine alternative socioeconomic indicators.
Implications for policy
The welfare state in Australia remains targeted today. Minimal benefits are redistributed by the state to a means-tested eligible minority that is typically economically inactive, by taxing the income of the economically active majority. Eligible adults are Adjustment for sex and age in years was achieved using separate linear regression models for each country.
entitled to utilise publicly subsidised dental care, but this care is rationed through limited facilities and a shortage of dentists. 45 Indeed, recipients face greater odds of tooth extraction than their more affluent private sector counterparts. 46 Unlike Australia, which targets those at the margins, Germany, Finland and the UK are inclusive in their social assistance. Our finding of no social gradient in oral health quality of life in Germany is consistent with previous crossnational research comparing educational health inequalities among 78 000 adults in 23 European countries, where the smallest health inequalities were found in corporatist countries. 47 In other research, an inverse social gradient was found in serum IgG and IgA among children in Germany. 48 It is reasonable to speculate that the redistributive effect of social programmes ameliorates income-related differences in public health outcomes.
At the time of the data collection, the system in the UK for dental care was of universal benefits for most of the population, with all but those on the lowest income contributing to the cost of care. Two points are of note though. The first is that the rates paid were capped by the system and generally much lower than would be available in private care. Nevertheless, the vast majority of the population at the time were under the care of the National Health Service for their dentistry. The second point is that this system actually differs from the rest of health care, which was universal and free to all at the point of delivery.
Finland, like the UK, offers benefits to all citizens, not only those with the lowest income. While Finland attempts to pay benefits that replace lost income, the UK pays a flat, modest rate to all citizens.
This study drew on a typology purposefully designed to highlight differential effects of social policy on poverty and income inequality. We can conclude that income gradients in health differed between countries belonging to different welfare states. These findings build on mounting cross-national evidence that welfare states do play an influential role in public health outcomes. What is already known on this subject c Macrolevel characteristics that arise in the policy arena are, by definition, amenable to policy intervention. c The welfare state has long been of interest to economists, sociologists and political scientists for its effect on poverty and inequality, yet is effect on public health is less well understood.
What this study adds c This study compared four affluent countries under different welfare state regimes. c Where eligibility for benefits was limited and the level of benefits set at a flat rate, income differences in oral health were large. c Conversely, where coverage was universal and earnings related, we found no evidence of income inequalities in oral health.
